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ABSTRACT 

This continuing study of intragroup light in compact groups of galaxies aims to estab- 
lish new constraints to models of formation and evolution of galaxy groups, specially 
of compact groups, which are a key part in the evolution of larger structures, such as 
clusters. In this paper we present three additional groups (HCG 15, 35 and 51) using 
deep wide field B and R band images observed with the LAIC A camera at the 3.5m 
telescope at the Calar Alto observatory (CAHA). This instrument provides us with 
very stable flatfielding, a mandatory condition for reliably measuring intragroup dif- 
fuse light. The images were analyzed with the OV_WAV package, a wavelet technique 
that allows us to uncover the intragroup component in an unprecedented way. We have 
detected that 19, 15 and 26% of the total light of HCG 15, 35 and 51, respectively, 
is in the diffuse component, with colours that are compatible with old stellar popu- 
lations and with mean surface brightness that can be as low as 28.4 B mag arcsec -2 . 
Dynamical masses, crossing times and mass to light ratios were recalculated using the 
new group parameters. Also tidal features were analyzed using the wavelet technique. 
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1 INTRODUCTION 

Matter can be stripped from galaxies during interaction 
episodes and form tidal debris (tails, shells and bridges), 
which, in a dense environment such as a cluster or a group, 
will be partially re-absorbed by the individual systems and 
partially dispersed by the cluster tides combined with ram 
pressure stripping from the hot intracluster medium on a 
quick timescale. This dispersed matter will settle into the 
cluster potential, forming a very faint component of intra- 
cluster diffuse light (ICL) (lMihosll2004l) . 

This faint component was first observed by IZwickvl 

(1951) in the Coma cluster and has been observed in 
several other clusters and groups since then and also 
studied through simulations and theoretical work (see 



way, since it is related to past gal axy encounters and his- 
tory of accretion onto the system ((Dressier 1984]), it then 
works as an evolutionary clock and it is sensitive to the dark 
matter distribution, that has a direct effect on the amount 
of stripped matter. However, the correlations between the 
properties of the intracluster light and the cluster proper- 
ties are still not well defined given the large uncertainties 
and the few studies in this area. 



IVflchez-Gome 3l999l ; lDa" Rocha fe Mendes de Oliveirall2005l . 
for a recent literature review). This component can be used 
to study the dynamical evolution of structures in a direct 
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More recent simulations (|Rudick. Mihos. fc McBridd 

2006) show the evolution of the ICL with time. A large frac- 
tion of the observed evolution in their simulations happens 
still inside of groups of galaxies that will subsequently be 
accreted by the cluster afterwards. This shows that the pre- 
processing of the galaxies and of the intergalactic medium, 
still in the group environment, s trongly influenc e s the prop- 
erties of the resulting clusters. iMurante et al.l (|2007f ) also 
points out that the group dynamical history, previous to 
the accretion by the cluster, is important and may be the 
reason for the lack of correlation between the cluster dy- 
namical history and the I CL fraction. The simulations of 
IMurante et al.l (2004, 200?]) also present a correlation of the 
ICL with cluster total mass. These authors show that the 
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ICL component has no preferential redshift to start forming, 
but 70% of it is formed after z ~ 1 and its stars would have 
the same origin as the Brightest Cluster Galaxy's (BCG), 

at l east for R < 0.5R v j r - 

IPurcell. Bullock, fc Zentned l|2007l ) show that the 
"halo" on cluster scale (where the ICL would be consid- 
ered as the cluster halo) originates in massive satellites 
(10 11 Mq) while on galaxy scale the halo originates in small 
mass satellites (10 8,5 Mq), on the other hand no correlation 
between the ICL and the total mass o f the cluster was found. 
IConrov. Wechsler. fc Kravtsovl l|2007h results agree with ob- 
servations, where 80% of the stripped stars are placed in the 
ICL component and the other 20% settles in the BCG, also 
showing the parallel evolution of the ICL and th e BCG . Ac- 
cording to the the simulations of iMonaco et al.l (120061 ). the 
ICL has also implications on the low evolution of the high- 
end of the galaxy mass function (10 11 M ) since z ~ 1, what 
is a problem for models of galaxy formation in ACDM. That 
can be solved with the stripping of about 20% of the total 
stellar mass. 

On the observational side, in an analysis with stacked 
images of clu s ters i n the SPSS (Sloan Digital Sky Survey), 
IZibetti et ail i|2005l ) and lZibettil i|2007l ) found that the ICL 
tends to align with the BCG, so that radial orbits would be 
favored. They also found that clusters with "faint-BCGs" 
(M r< o > —22.85), present a suppress ion of the ICL that 
has no correlation with cluster richness. I Covone et al.l(l2006l ) 
find that the ICL and the BCG are aligned in Abell 2667 and 
also the X-Ray component presents the same behaviour. The 
deep photometric study of lSeigar. Graham, fc Jerienl (|2007l ) 
shows that the outer part of the BCG surface brightness 
profile, which would be associated to the ICL, is better de- 
scribed by an Exponential profile, rather than the usual de 
Vaucouleurs profile. 

Recent studies (|Krick fc Bernstein! 120071 ) show an anti- 
correlation between ICL fraction and total cluster mass (also 
shown by IGonzalez. Zaritskv. fc Z abludofi 2007), opposite 
prediction to the expectation by simulations and an ex- 
pected correlation, even though weak, between the ICL frac- 
tion and the redshift. 

On group scale , simulations of isolated groups 
|Sommer-Larsenll2006h show that the intragroup light com- 
ponent (IGL) increases with time showing its "dynamical 
clock nature" and tha t these structures e volve to the so 
called "fossil groups" (jPonman et al.| [T994). Fossil groups 
are groups in which the magnitude difference between the 
first and the second-ranked galaxies is larger than 2 magni- 
tudes and the X-Ray halo is ex tended and has a luminosity 
higher than 10 42 h^ 2 erg s" 1 (| Jones et all 120031 ) . By con- 
struction of the sample, where all the galaxies should be in 
a range of three magnitudes, this kind of str ucture is avoide d 
in the Hickson Compact Groups catalogue (Hickson 1982). 

The more recent results from observations and simu- 
lations are showing that the evolution of groups of galax- 
ies have significant influence on the evolution of clus- 
ters of galaxies. Therefore, understanding the evolution of 
groups holds the key to explain several effects we are try- 
ing to understand in the present time. Our focus on this 
to pic is the study of compact groups of galaxies, and, as 
in |Pa Rocha fc Mendes de Oliveiral (|2005l ). we bring addi- 
tional data with the determination of the IGL in three new 
groups. 



In our previous work, w e studied three compact groups 
from the Hickson catalogue l|Hicksonlll982l ). We have found 
that the fraction of the total B band (and R band) light in 
the IGL component is 46±8% (33±6%) for HCG 79, 11±6% 
(12 ± 2%) for HCG 95 and there was no IGL detection for 
HCG 88. We quote here the new error estimates for the 
IGL light fraction for these groups. The new error estimates 
are based on new simulations of detection of IGL with the 
OV_WAV, that cover a larger range in signal to noise ratio. 
These groups were separated in categories (initial, interme- 
diary and advances stage of evolution) according to their 
stage of dynamical evolution. 

Compact groups of galaxies are formed by three to seven 
galaxies separated by distances of the order of the galactic 
diameter (high projected d ensities) and with a low velocity 
dispersion (~ 200 km s" 1 . [Hickson et al.lll992h . In this en- 
vironment the stripping of material from the galaxies due 
to interactions, that may give origin to the IGL compo- 
nent, should be a frequent and efficient process. The previ- 
ous studies of this component in compact group s using P no ~ 
tographic plates were only partially successful (lRosel | l97S ; 
Pildis, Brcgman, & Schombert 1995; Sulcnti c fe Lorrdll983l ; 



iMoles. Marquez. fc Sulentid Il998h an d only using CCDs a 
more accurate det ection was possible (|Nishiura et al.| [2000a; 
I White et ai1l2003l ). 

Section [2] presents a description of the studied groups 
HCG 15, 35 and 51. In §[3] the observational data and the 
reduction procedures applied to the data are presented. In 
section [4] we present the analysis of the data and results. 
A discussion and summary are presented in § [S] where we 
put together the results from the last paper and this one to 
discuss the evolution of groups. Throughout this work we 
use H = 70 km s^ 1 Mpc~\ Q M = 0.3, = 0.7. 



2 THE SAMPLE 

In this work we studied three more groups from th e Hickson 
Compact Groups catalogue (HCG -iHicksonll 19821) , selected 
based on X-ray detection (|Ponman et al.lll996h and on an- 
gular size. The characteristics of the studied groups in this 
work: HCG 15, 35 and 51, are presented below. 



2.1 HCG 15 

HCG 15 was originally classified as a sextet of galaxies 
l|Hicksonl 19821). compo s ed of 3 late-type and 3 early-type 
galaxies. iHickson et al.l (|l992l ) show that all the 6 galaxies 
have concordant radial velocities (inside ± 1000 km s _1 of 
the median group velocity) with a mean recession velocity of 
6832 km s~ (99.3 Mpc). A more recent measurement shows 
that the elliptical galaxy HCG 15C has a recession velocity 
of 9687 ± 22 km s _1 (ga laxy UGC 01620 in the Updated 
Zwicky Catalog - UZC, iFalco et all Il999h . that puts this 
galaxy as an interloper in the group. 

We will perform the analysis of this group for the two 
possible configurations (sextet and quintet, excluding HCG 
15C from the group) , in order to test which one is compatible 
with the stage of dy namical evolution of the group. 

According to IMendes de Oliveira fc HicksonI (|l994l ) 
four of the six galaxies of this group present signs of 
interaction. The spiral galaxy HCG 15A presents weak 
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radio emission, the elliptical galaxy HCG 15B shows a 
dust lane, HCG 15D, also an elliptical, has non-centric 
isophotes and weak radio emission and the Sbc HCG 
15F presents a clear disturbed morphology. This group 
was detected in X-rays by ROSAT but so far off-axis 
that it is not possible to distingui sh between intragrour 



Table 1. General properties of the observed groups. 



that it is not possible to distinguish between mtragroup 
and individual galaxies emission (jMulchaev et al.l 20031 ) 
and the total X-ray lumin osity is logLx = 42.12 erg s _1 
(|Osmond fc Ponmanl 120041) ■ This group present s an Hi de- 
ficiency of 76% ( Verdes-Montenegro et al1l200ll ) when com- 
pared to the expected amount of Hi, considering the member 
galaxies morphological types and luminosities. The total Hi 
of the groups was estimated based on the sextet configu- 
ration. The scenario where HCG 15C is a distant galaxy 
projected onto the group would explain why the galaxy in 
the center of the group does not present signs of interaction. 

The general properties of HCG 15 are presented in ta- 
bled] 





HCG 15 


HCG 35 


HCG 51 


RA 


02 h 07 m 39 s 


08 h 45 m 19 s 5 


ll h 22 m 20 s 9 


DEC 


+02°08'18" 


+44°31'18" 


+24°17'35" 


V Rad (km s" 1 ) 


6753/6832* 


16252 


7728/7924* 


Distance (Mpc) 


98.2/99.3* 


232.2 


112.6/115.5* 


(m - M) v 


35.0 


36.9 


35.3 


Vel. Disp. (km s" 1 ) 


471/462* 


348 


265/535* 


Mean. Sep. (kpc) 


118/110* 


77 


86/88* 


Num. Gal. 


5/6* 


6 


5/6* 



* Values presented for HCG 15 and HCG 51 are given for the 
quintet and sextet configurations, respectively. 
Velocity dispersions were calculated using the correction for th e 
velocity measurements errors described bv lDanese et al.l (|l980h . 

The general properties of HCG 51, as for the other stud- 
ied groups are summarized in table [1] 



2.2 HCG 35 



HCG 35 is also a sextet i|Hickson| [l982) dominated by early- 
type galaxies (5 early-type and 1 late-type), that has a mean 
recession velocity of 16252 km s" 1 (241.7 Mpc). 

In this group, only HCG 35A was identified with 
possible signs of interaction, an SO galaxy showing 
weak emission lines that extend beyond the nucleus 
l|Mendes de Qliveira fc Hicksonl Il994h . It has ROSAT X- 
ray detection but, as it is also the case of HCG 15, 
observations do not allow the distinction between intra- 
group and individual galaxies emission l|Mulchaev et al.l 
120031). Its total X -ray luminosity is logLx = 42.06 erg s 



I Ponman et al.lll996l ). This group has an Hi overabundance 
of about 29% with respect to it s total expected Hi content 
l|Verdes-Montenegro et al.ll200ll ). 

General properties of HCG 35 can be seen in table [T] 



2.3 HCG 51 

This group also presents a "me mbership issue ". Originally 
classified as a sextet of galaxies (jHickson 1982]), HCG 51C's 
radial velocity is ~ 1200 km s _1 above the group's median 
velocity, and t herefo re it was excluded from the group by 
iHickson et ail (Il992l ). On the other hand, as explained by 
these authors, ±1000 km s _1 is an arbitrary threshold, so 
we decided to analyze both possibilities. 

This group is dominated by an El galaxy and has 2 late- 
type and 4 early-type galaxies and HCG 51C is an SO galaxy. 
The mean recession velocity of this group is 7924 km s _1 
(112.6 Mpc), in the quintet configuration. 

The only interaction sign identified by 

iMendes de Qliveira fc Hicksonl (|l994T ) in this group was a 
faint disk in the center of the elliptical galaxy HCG 51E, 
even though a very low surface brightness jet-like structure 
connecting HCG 51A and HCG 51E could be identified in 
our analysis (see below) and can be related to the origin 
of the faint disk. The total X-ray luminosity of t his group 
is logLx = 42.70 erg s" 1 (|Ponman et all 1 19961 ). The Hi 
deficiency compared to the ex pected Hi content is 69% 
l|Verdes-Montenegro et al.ll200ll ). estimated for the quintet 
configuration. 



3 OBSERVATIONS AND DATA REDUCTION 
3.1 Observational data 

The studied groups were observed with the wide-field cam- 
era LAICA (Large Area Imager for Calar Alto) at the prime 
focus of the 3.5m telescope of the Calar Alto observatory 
(CAHA - Centro Astronomico Hispano Aleman). Deep im- 
ages were obtained in the B and R bands in December 2003, 
in non photometric nights, but with sub-arcsecond seeing 
(from 0'.'6 to l'.'O), with exposure times ranging between 8250 
and 12000 seconds in B and 3500 and 4000 seconds in R. 
The observational information is summarized in table [2] 

The camera LAICA is composed of an array of 2x2 
CCDs. Each CCD has 4k x 4k pixels covering a field of view 
of 15!36 x 15?36. CCDs are separated by 13.'64, about the 
size of one CCD, so that the usual observational procedure 
encompasses 4 pointings shifted by one CCD length, result- 
ing in a field of view of about one degree, covered in 16 
separated images. The camera has a pixel size of 0.225", 
and our observations were performed with a 2x2 binning, 
resulting in pixels of 0.45". 

Since compact groups of galaxies have a small angular 
size, each of the observed groups could be fit in one single 
CCD. This gave us the good advantage of needing only one 
single pointing per group, not the usual four-pointings proce- 
dure. While a group is placed in one single CCD, the other 3 
CCDs of the camera were used to observe blank neighboring 
regions of the sky, thus producing "night sky flats" . By plac- 
ing each group in a different CCD we obtained a complete set 
of observed science frames with groups and the correspond- 
ing night sky flats with exposure times of the same order. 
Since flatfielding is a key issue in the study of large scale 
low surface brightness structures, this observational strat- 
egy was very well suited and saved a considerable amount of 
telescope time. Individual exposures were dithered to correct 
for CCD defects and cosmic rays. 



3.2 Data reduction 

The basic data reduction was performed using IRAfQ. One 
problem encountered was that each CCD of the camera has 
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Table 2. Observational data. 



Group Band Exp. Seeing 

(Sec.) 



HCG 15 B 11250 (15 x 750) 0'.'8 

R 4000 (16 x 250) 0'.'6 

HCG 35 B 12000 (16 x 750) 0'.'9 

R 3500 (14 x 250) l'.'O 

HCG 51 B 8250 (11 x 750) 0'.'9 

R 4000 (16 x 250) l'.'O 



which are usually contaminated by seeing effects, and the 
outer parts of the galaxy, which are affected by the sky sub- 
traction. Even with the excluded regions, several arcseconds 
of the surface brightness profiles where used in the fit. The 
RMS of the fitting was quite small (typical RMS = 0.05 
magnitudes) but realistic errors are larger (of the order of 
0.1 to 0.2 magnitudes) since they depend on the reliability 
of the zero point for the literature data. 



a four-port readout, that could affect our analysis that re- 
quires stable sky levels. After performing the BIAS and flat- 
field corrections the difference in the level of each quadrant 
of the CCD did not disappeared. For this reason we treated 
each quadrant as a separate image and made a "sky level 
matching" at the end of the basic data reduction. 

As mentioned before, due to our observational strategy, 
we have two types of images: science images, which are the 
"on-group" ones, and night sky flats, which are the other 
three "off-group" images, in each exposure. Each science 
and sky flat image was cut in four quadrants and the BIAS 
correction was applied to each of the new "quadrant im- 
ages". Due to the non photometric conditions, some of the 
"off-group" images presented sky patterns and could not be 
used to produce the night sky flatfields. Those sky patterns 
were sometimes also present in the "on-group" images which 
could not be corrected by the flatfields and could not be used 
to produce our final image. After selecting the useful images, 
a combination of night sky flat, to correct for the large scale 
CCD response and for CCD illumination, and twilight flat, 
to correct for the individual pixel sensitivity was applied to 
the science frames. The quadrants were rejoined in a single 
image with matched sky levels. The sky matching consists 
in measuring the difference in sky level along both sides of 
the matching region and correcting the sky level by a con- 
stant, so that no sky level difference is left and no step-like 
structure is present in the image. This correction was at the 
order of a few counts, while the sky level is of the order 
of some thousands of counts. However, this small variation 
would have an important effect in our analysis. Images were 
registered and combined producing a final image for each 
group in each filter. 

Since the nights when the data were taken were not 
photometric, we need to calibr ate our images by compar - 
ing them to pub lished data by Mendes de Oliveiral l|l992h . 
But because the iMendes de Oliveiral 1 19921 ) image sizes are 
quite small (2'.'2 x 3'.'5), we could not measure a useful 
number of stars in common for the calibration (the few ones 
available in these fields were, in most cases, saturated in 
our images). We, therefore, decided to use the calibrated 
profiles of the galaxies themselves, in order to find the 
zero points for the images. We matched the instrumental 
pr ofiles we obtained for each galaxy with those presented 
in IMendes de Oliveiral (|l992T l , excluding the central parts, 



1 IRAF (Image Reduction and Analysis Facility) is distributed 
by the National Optical Astronomy Observatories, which is op- 
erated by the Association of Universities for Research in Astron- 
omy, Inc., under cooperative agreement with the National Science 
Foundation. 



4 ANALYSIS AND RESULTS 
4.1 Wavelet analysis 

Since the IGL is an extended, very low surface brightness 
structure (usually less than 1% above the night sky level) 
many instrumental effects like natfielding, scattered light 
and CCD bleeding, among others, can contaminate the sig- 
nal. Therefore, very good illumination corrections and short 
exposure times to avoid bleeding are necessary. Besides the 
instrumental effects, some astronomical ones are important 
in this kind of analysis. The dimming of the IGL by the 
light from the objects in the image, like member galaxies 
and stars, which need to be modeled and subtracted from 
the image, is one major "problem" for this kind of study. 
Also a very accurate sky subtraction is needed for the de- 
tection and analysis of the IGL. 

To deal with this kind of requirement, we ap- 
plied a wavelet-based tec hnique, the OV_WAV pack- 
ag e jEpitacio Pereiral l2003h ■ in our an alysis, as shown 
in |Pa Rocha fc Mendes de Oliveiral (120051 ). This technique 
does a multiscale analysis that uses the a trous wavelet 
transform, and is able to separate the structures in the 
image b y their characteristic sizes with no a p riori infor- 
mation (|Biiaoui fc Ruelll995l ; Istarck et al.lll998f) . Since the 
information in astronomical images is organized hierarchi- 
cally (stars projected onto galaxies, that are projected onto 
a larger structure like the IGL and all projected onto the sky 
brightness level), this technique is very well suited for our 
goals. This method was alrea dy applied by other authors to 
the same kind of study {e.g. lAdami et al.ll2005T ). 

The main procedure is the following. The images are 
deconvolved into wavelet coefficients, which will contain in- 
formation of a given size (2 n pixels, where n is the index of 
the wavelet coefficient - n — 0,1,2,3,...). A source in the 
image, when deconvolved in wavelet coefficients, has a rep- 
resentation in each of the coefficients that depends on the 
shape and size of this object. Also the noise present in the 
image, has a representation in the different wavelet coeffi- 
cients. The representation of the noise is analyzed and the 
representation of the signal is detected in each coefficient. 
These detections in different coefficients are interconnected, 
defining the detected objects and each detected object is 
reconstructed and separately analyzed. 

The noise present in astronomical images is mostly dom- 
inated by small scale components. As the characteristic size 
of the wavelet coefficients increases, the representation of the 
noise looses intensity. With this behaviour of the noise rep- 
resentation, working in wavelet space, we are able to detect 
large structures, with very low surface brightness, with high 
confidence levels. Our simulations have shown that we are 
able to detect at a 5-er-detection level in wavelet space, large, 
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low surface b rightness structures, that have only SJN = 0.1 
in real space l|Da Rocha fc Mendes de Oliveiral 20051 ). 

After the reconstruction of each object, in an iterative 
process that models and subtracts the detected sources from 
the image, we are able to recompose the IGL component 
and the galaxies component for each group, in each band 
independently, and perform our analysis, which will be de- 
scribed below. A more detailed description of the OV_WAV 
a nd the simulations on the detection of I GL can be found 
in lDa Rocha fc Mendes de Oliveiral l|2005h . 



4.2 Group parameters 

We have re-calculated the group crossing time (t c ) and 
mass to light rat io {M/L), previously calculated in 
iHickson et all (|l992l ). using the concordance cosmology pa- 
rameters, since the original ones were calculated using Ho = 
100 km s" 1 Mpc" 1 and Q, M = 1.0. 

There was very small variations due to cosmology on 
the re-calculated values for the crossing time, which is given 
in unities of HjT 1 , since for closer groups the impact of A 
is small. On the other hand, including or excluding galaxies 
from the analysis, as we did for HCG 15 and HCG 51, can 
have a considerable effect on this value. The crossing times 
were c alculated using the relation presented in lHickson et alJ 
l| 19921 ) 

it Da 

R is the mean separation in kpc between the member 
galaxies and Da is the deprojected velocity dispersion given 
by 

Da = [3(< v 2 > - < v > 2 - < al >)] 1/2 , 



(1) 



(2) 

where v is the observed recession velocity and a v is the mea- 
surement error. 

For M/L, the total group luminosities were calculated 
with the member galaxies for each case and the proper dis- 
tance modulus. Since X-ray mass estimates are not avail- 
able for most of groups from Hickson's catalogue, and 
for consist ent compariso n, we used the same mass esti- 
mators of IHickson et al.l (| 19921 ) to estimate the group's 
masses. The median of the fou r mass estimators described by 
iHeisler. Tremaine. fc Bahcalll (|l985l ) (virial mass, projected 
mass, median mass and mean mass) was used for each group. 
An important consideration should be raised here, that dy- 
namical mass estimates using the small number of galaxies 
present in a compact group can suffer from severe statistical 
effects and should be taken only as a guiding value. These 
estimators only measure the mass inside the area where the 
galaxies are found, what corresponds only to the inner part 
of the detected IGL components and of the dark matter halo. 
Therefore, these estimators would not account for the mass 
in the outer parts of the group. 

We have found in the literature new recession velocity 
measurements for some of the galaxies, as for the case of 
HCG 15C, which differ from the originally published values 
by about 30 km s - , on average. This small variation causes 
an impact of up to 20% in the estimated group parameters, 
like crossing times and masses, showing how sensitive they 
are to the small number of objects present in e ach group. For 
consistency we decided to use the values from IHickson et aU 



l| 19921 ). unless for the case where HCG 15C is not considered 
a group member. Using the new recession velocities would 
not change the difference between the velocity of HCG 51C 
and the median velocity of this group. 

The quantities estimated here for each group and its 
possible different configurations can be seen in table [31 

4.3 HCG 15 

The images in B and R of HCG 15 were deconvolved into 11 
wavelet coefficients (2 10 pixels, about the size of the image), 
the detected objects were reconstructed in a multiple iter- 
ations process and the group galaxies and IGL component 
of this group were re-composed, as is shown in figure [T] The 
whole analysis process is made in an totally independent 
way for the B and R bands. 

For the quintet (and sextet) configuration, the detected 
IGL component in this group represents 19 ± 4% (16 ± 3%) 
of the total light in the B band and 21 ±4% (18±4%) in the 
R band, about 70% of the light of the first-ranked galaxy. 
This component corresponds to apparent total magnitudes 
of B = 15.0 ± 0.2 and R = 13.3 ± 0.2, down to a surface 
brightness detection limit of hb = 31.3 and (j,r = 30.5. 
The detection limits correspond to a surface brightness of 
0.1 ■ asky (S/N — 0.1) in each band, which is the detection 
limit of the OV_WAV package. 

The IGL presents a very irregular shape and has a 
very low mean surface brightness, \ib = 28.4 ± 0.2 and 
Hr = 26.7±0.2. Its mean S/N per pixel is 1.5 in B and 3.3 in 
R. The IGL has a mean colour (B — R)o = 1.6 ±0.2, redder, 
but still consistent with the mean colour for the galaxies' 
component ((B — R)o — 1.4 ± 0.2 for the quintet configura- 
tion and (B — R)o = 1.5±0.2 for the sextet) and with the old 
stellar population expected from early-t ype galaxies. The 
extinc tion corrections were made using iRieke fc Leb ofskv 
(1985) extinction laws and ISchlegel. Finkbeiner. fc Davisl 
(1998) extinction maps. The IGL and galaxy components 
were measured in the same areas in the two different bands. 
The properties of the IGL components are summarized in 
table H 

The ori ginal M/L in t he B band for this group, cal- 
culated by IHickson et ail (|l992T l. was 432 M /L . The 
M/L values were converted to Ho — 70 km s _1 Mpc -1 , 
while the original values were calculated with Ho — 
100 km s _1 Mpc -1 and Qm = 1-0. Our new estimate takes 
these values to 614 and 424 Mq/Lq, respectively for the 
quintet and sextet cases. Using the light contained in the 
IGL component, we recalculated the M/L for each of the 
studied groups for the new total luminosity, correcting the 
estimated values. In the case of HCG 15 the M/L drops to 
517 and 367 Mq/Lq, for the two presented cases. The M/L 
values presented in this paper always refer to the B band. 

The crossing times for this group, 0.014 H^" 1 
ijHickson et al.l ll992). had no change in both configurations, 
quintet and sextet. M/L and crossing time values are given 
in table [3] 

4.4 HCG 35 

As in the case of HCG 15, the B and R images of HCG 35 
were deconvolved into 11 wavelet coefficients and the galax- 
ies and IGL component were re-composed after the wavelet 



6 Da Rocha et al. 

Table 3. Group parameters for each configuration. 





HCG 15 (5G) 


HCG 15 (6G) 


HCG 35 


HCG 51 (5G) 


HCG 51 (6G) 


Da (km s" 1 ) 


726.9 


730.0 


547.8 


409.4 


844.9 


to (Ho X ) 


0.014 


0.014 


0.011 


0.019 


0.009 


M/L (M /L ) 


614 


424 


55 


50 


174 


M/L corrected (M Q /L ) 


517 


367 


48 


38 


139 


Group Mass (Mq) 


5.67-10 13 


5.30-10 13 


1.5110 13 


7.39-10 12 


3.59-10 13 


E-type fraction 


0.4 


0.5 


0.8 


0.6 


0.7 



5G and 6G designations corresponds to quintet and sextet configurations of HCG 15 and HCG 51. 



Figure 1. IGL component of HCG 15 identified and reconstructed with the OV-WAV package. The left panel shows the image in the 
B band and the IGL component as contour curves with surface brightness levels which range from 27.0 to 31.0 magnitudes in steps 
of 0.25 B mag arcsec~ 2 , from the inner to the outer part. The right panel shows the image in the R band and the IGL component as 
contour curves with surface brightness levels which range from 25.5 to 29.0 magnitudes in steps of 0.25 R mag arcsec -2 , from the inner 
to the outer part. 



multiple iteration process, as can be seen in figure [2] where 
the analysis of the B and R bands are independent. 

In this group the detected IGL component presents 
an irregular shape, elongated in the same direction as the 
galaxy component elongation. This component represents 
15 ± 3% of the total light in the B band and 11 ± 2% in the 
R band, 40% of the light of the first-ranked galaxy. The total 
apparent magnitudes of the IGL are 16.4±0.2 and 14.9±0.2, 
respectively in the B and R bands, down to a surface bright- 
ness detection limit of fiB = 31.0 and fin = 28.8. 

This group presents quite a faint IGL component with a 
mean surface brightness of [ib = 27.9 ±0.2 and [ir = 26.4 ± 
0.2. The mean S/N per pixel of the IGL is 1.7 in B and 1.0 
in R. Its mean colour is (B — R)o — 1.5±0.2 and the galaxies 
have a mean (B — R)o = 1.8 ±0.2. In this case the IGL com- 
ponent is bluer than the mean colour for the galaxies, but 
consistent with the typical colour for old stellar population 
in early-type galaxies, while the galaxy's component is red- 
der than the typical value for early-type galaxies. The mean 
colour measured for the galaxies' component is not surpris- 
ing considering that, at least 3 galaxies present colours mea- 
sured inside the hr = 24. 5 isophote around (B — R)o = 1.9 , 
including one Sb galaxy (Irlickson. Kindl. fc Auman| [l989). 
IGL properties are shown in table [4] 

The new esti mate of the M/L in the B band takes 
the value from 57 ijHickson et al.l fl992. converted to Ho = 
70 km s" 1 Mpc" 1 ) to 55 M Q /L . Correcting it by the light 
in the IGL, the M /L drops to 48 M /L . t c slightly in- 
creased from 0.010 (jHickson et al.lll992h to 0.011 fLT 1 . The 
re-estimated parameters for this group can be seen in ta- 
ble [3] 



4.5 HCG 51 

This group's images were analyzed in the same way as the 
previous two and the IGL component can be seen in figure[3] 
This group presents a more prominent elliptical shape in 
the IGL component, following the elongation of the galaxies 
distribution with some clear tidal features. The IGL, in the 
quintet (and sextet) configuration, represents 31 ±6% (26 ± 
5%) and 28 ± 5% (24 ± 5%) of the total light in the B and R 
bands, respectively, about 70% of the light of the first-ranked 
galaxy. This corresponds to apparent total magnitudes of 



Figure 4. Image of HCG 51 in the B band showing the jet-like 
structure (marked with the white ellipse) connecting HCG 51A 
and 51E. 



B = 14.4 ± 0.2 and R = 12.9 ± 0.2, down to the limiting 
surface brightnesses of /j,b = 30.7 and {ir = 29.7. 

The mean surface brightness of this component is /is = 
27.4±0.2 and fi R = 25.9±0.2, The mean S/N is 2.0 in B and 
3.4 in R. The IGL has a mean colour (B - R) = 1.5 ± 0.2, 
about the same as the mean colour of the galaxies, (B — 
R)o = 1.6±0.2 for both configurations, as expected for early- 
type galaxies with old stellar population. The properties of 
the IGL component can be seen in table [3] 

The new estimate of the M/L in the B band was per- 
form ed for this group, that goes from 51 (jHickson et al.l 
1 19921 . converted to H = 70 km s" 1 Mpc" 1 ) to 50 and 174 
M /L , for quintet and sextet configurations. It drops to 38 
and 139 M /L , when corrected for the diffuse component 
contribution. 

The crossing time of this group, originally 0.019 Hg -1 , 
presented no change for the quintet configuration and dras- 
tically drops to 0.009 Hq~ , for the sextet configuration. The 
large difference between the M/L and the crossing time, for 
the quintet and sextet configuration, is due to the depro- 
jected velocity dispersion that is twice as large in the latter 
case, what can also be noticed in the 2-D velocity dispersion 
(tables [T] and ©. 

In HCG 51 we detected a very low surface brightness 
jet-like structure that connects galaxies HCG 51A and 51E. 
This structure is redder than the mean colour of the galaxy's 
component and of the IGL ((B — R)o = 1.8 ±0.2) and has a 
mean surface brightness [is = 27.0±0.2 and [ir = 25.2±0.2. 
The estimated extension of this structure is 90 kpc, about 
the mean galaxy separation, actually this structure connects 
the two "parts" of this group. The images also show a possi- 
ble shell-like structure perpendicular to the jet-like one, but 
it is too faint and small to be detected as an independent 
object and properly analyzed. This jet-like structure can be 
seen in figure |U No further tidal structures were detected in 
this group. 
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Figure 2. IGL component of HCG 35 identified and reconstructed with the OV-WAV package. The left panel shows the image in the 
B band and the IGL component as contour curves with surface brightness levels which range from 27.5 to and 29.0 magnitudes in steps 
of 0.25 B mag arcsec -2 , from the inner to the outer part. The right panel shows the image in the R band and the IGL component as 
contour curves with surface brightness levels which range from 25.75 to 27.5 magnitudes in steps of 0.25 R mag arcsec -2 , from the inner 
to the outer part. 



Figure 3. IGL component of HCG 51 identified and reconstructed with the OV-WAV package. The left panel shows the image in the 
B band and the IGL component as contour curves with surface brightness levels which range from 26.5 to 29.0 magnitudes in steps 
of 0.25 B mag arcsec -2 , from the inner to the outer part. The right panel shows the image in the R band and the IGL component as 
contour curves with surface brightness levels which range from 24.75 to 27.5 magnitudes in steps of 0.25 R mag arcsec -2 , from the inner 
to the outer part. 



4.6 Structural Analysis of the IGL 



4.7 Dynamical Evolution Indicators 



As can be seen in figures [T] to [3] the IGL components de- 
tected in our study clearly show very irregular shapes, in 
contrast with the ICL components de tected in clusters of 
galaxies (e.g. iKrick fc Bernstem1l2007h . 

In order to quantify how regular, or irregular, the light 
distribution can be, we perform the modeling of the IGL 
component using elliptical isophotes with the IRAF package 
STSDAS . ELLIPSE. This analysis leaves large residuals when 
the elliptical models are subtracted from the IGL, even in 
the case of HCG 51 that shows an apparently less irregular 
IGL component. These large residuals are already an indi- 
cation of the lack of regularity of the IGL distribution. 

To understand the physical meaning of the fitted el- 
liptical models, we plotted the surface brightness pro- 
files along the major axis, which presented a multi- 
modal behavior in all the cases. We tried to fit four 
types of light profiles to our data: Exponential, de Vau- 
couleurs, King-like core model and Hubble-Reynolds, that 
should work as an analytic proxy for a NFW universal 
profile llNavarro. Frenk. fc White! 1997), as suggest ed by 
lLokas fc Mamonl l|200ll)" and lKrick fc Bernstein! (j2007l ). The 
profile fitting, in all cases, either single or double component, 
led to unphysical results for parameters as effective radius 
or scale length (being extremely small or extremely large), 
for example, indicating no dynamical equilibrium. 

The unphysical results obtained by the fits, show that 
the elliptical models do not represent any physical entity, as 
expected considering the large residuals when these models 
are subtracted. The failure on fitting the surface brightness 
profiles is another indication that the IGL components are 
very irregular and cannot be described by a regular model, 
as it happens in the diffuse component of clusters of galaxies. 
We can conclude from this, already, that the compact groups 
are far from being a relaxed and virialized structure. 

The analysis of the colour maps of the reconstructed 
IGL components of all groups do not show any kind of sub- 
structures, such as blue regions that could be associated to 
star forming regions in the IGL. Blue star forming regions 
in the diffuse comp onent, as found in the Coma cluster by 
Hd ami et al.1 (|2005r ). could be the origin of the difference we 
find between the mean colour of the IGL and the one of the 
galaxy component, when the IGL is bluer than the galaxies. 
In the case of our study, those regions, if they exist, could 
be too disperse to be individually identified in our colour 
maps. 



Some group properties can be used as dynamical evolution 
indicators, such as fraction of early-type galaxies (or of late- 
type galaxies), crossing time and magnitude difference be- 
tween the first and the second-ranked galaxies (Ami2). Now 
we have an additional dynamical evolution indicator, the 
fraction of IGL present in the group. 

In a first qualitative effort, we analyzed the rela- 
tion between these indicators in our sample. We re- 
stricted this analysis to the gr o ups s tudied here and in 
|Pa Rocha fc Mendes de Oliveiral Q2005) in order to have a 
homogeneously analyzed sample and the analysis is only 
qualitative due to small number of objects, only 6 groups. 

We can see the relations between the fraction of IGL 
in the B band (Figl), the fraction of early- type galaxies 
(F Eg ai), the crossing time (t cro3S ) and Am 12 , in figure [5] 
The fractions of IGL in the B and R band are very similar, 
and for this kind of study do not present any difference in 
the relation with the other indicators. 

HCG 15 and 51 are presented with two data points 
each, for the quintet and sextet configurations. For HCG 
88 we have found n ew recession velocity measurements 
jNishiura et alj|2000bh . The new measurements increase the 
velocity dispersion of the group from 31 to 93 km s -1 , 
allowing the estimate of the deprojected velocity dis- 
persion (134 km s -1 ) and reducing the crossing time 
from 8.7 to 0.065 Hq 1 , therefore we included a "new 
point" for this group in the relations between t cross 
and other quantities. This decrease in the crossing time 
do not alter the conclusions about t his object given in 
Da Rocha fc Mendes de Oliveiral (|2005l ). since the value is 
still considerably high. 

The relations with Ami2 show no clear tendency. Re- 
lations between Figl, FEgai and t cro3a can be, in a first 
approximation, described in a linear relation, if the clearly 
discrepant objects are excluded. We excluded the "old" high 
tcross value of HCG 88 from the fits for relations with this 
quantity and HCG 35, that shows a very high fraction of 
early-type galaxies, was excluded from the fits for relations 
with FEgai- These relations show the agreement, in a quali- 
tative way, between our new dynamical evolution indicator, 
the fraction of the total light in the IGL and the fraction of 
early-type galaxies and the group crossing time. 
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Table 4. Properties of the IGL component detected in our sample. 



Group 


% (B and R) 


fi (B and i?) 


Mag. (B and R) 


(B - R) 


HCG 15 
HCG 35 
HCG 51 


19 ± 4% / 16 ± 3% 21 ± 4% / 18 ± 4% 

15 ±3% 11 ±2% 

31 ± 6% / 26 ± 5% 28 ± 5% / 24 ± 5% 


28.4 ±0.2 26.7 ±0.2 
27.9 ±0.2 26.4 ±0.2 
27.4 ±0.2 25.9 ±0.2 


15.0 ±0.2 13.3 ±0.2 
16.4 ±0.2 14.9 ±0.2 
14.4 ±0.2 12.9 ±0.2 


1.6 ±0.2 
1.5 ±0.2 
1.5 ±0.2 


Column (1) Group studied. 



Columns (2-3) Fraction of the group's total light in the IGL component, bands B and R, respectively 
(the values presented for HCG 15 and 51 are for the quintet and sextet configurations) 
Columns (4-5) Mean surface brightness of the IGL component, bands B and R, respectively. 
Columns (6-7) Integrated magnitude of the IGL component, bands B and R, respectively. 
Column (8) Extinction corrected colour of the IGL component. 




0.2 0.4 0.6 0.8 1 1.2 



Figure 5. Relations between different dynamical evolution indi- 
cators {Fjgl, FEgah tcross and Ami2). The continuous lines are 
linear fits to the points, excluding the ones that clearly deviate 
from the main trend. The quintet configurations for HCG 15 and 
HCG 51 are shown with filled symbols and the sextet configura- 
tions are shown with the corresponding open symbol. The "new" 
crossing time value for HCG 88 is shown in filled symbol, while 
the "old" value is shown in open symbol. 



5 DISCUSSION AND CONCLUSIONS 

Before we start the discussion, we present a short summary 
of the results of this work: 

(1) We applied our wavelet analysis technique (the 
OV-WAV package) to study the IGL component in 3 fur- 
ther compact groups of galaxies, completing a sample of 6 
objects studied with this technique. 

(2) HCG 15 had to be analyzed in two configurations 
(quintet and sextet) and we were able to detect an IGL 
component that corresponds to 19 ±4%/ 16 ±3% of the total 
light in the B band and 21±4%/18±4% in the R band. The 
mean colour of the IGL is (B — R)o = 1.6 ± 0.2 consistent 
with the galaxies' mean colour. 



(3) HCG 35 has IGL components which represent frac- 
tions of 15±3% and 11±3% of the total light in the B and R 
bands, respectively, with a mean colour (B — R)o = 1.5±0.2, 
bluer than the mean colour of the galaxy component. 

(4) HCG 51, which also had to be analyzed in two con- 
figurations (quintet and sextet), presented 31±6%/26±5% 
and 28 ± 5%/24 ± 5% of the total light in bands B and R 
in the IGL component. The mean colour of the IGL com- 
ponent (B — R)o — 1.5 ± 0.2 is compatible with the galaxy 
component mean colour. 

(5) All the objects of this sample present irregular IGL 
components. The analysis was made independently in the 
B and R bands and the shape of the detected components 
agree in both bands, showing the reliability of the method 

(6) We find that the fraction of intragroup light, in the 
groups studied so far, correlates, in a qualitative way, with 
other indicators of dynamical evolution, such as the fraction 
of early-type galaxies in the group and the crossing times. 

As we already showed in 

|Pa Rocha fc Mendes de Oliveira (2005), using the wavelet 
technique OV_WAV, we can detect the intragroup compo- 
nent present in compact groups of galaxies in a very reliable 
way and without any "a priori" information or assumptions 
about properties of the member galaxies or of the image. 

The components we detect correspond to about 40 
to 75% of the luminosity of group first-ranked galaxies, 
which is equivale nt to 15 to 35% of a typical M t luminos - 
ity (Mb = -21.9 lHunsberger, Charlton, fc Zaritskv||l998l ). 
where the first-ranked galaxies of the three studied objects 
have magnitudes fainter than M*. The fraction of light in 
the IGL can be used as a measure of the amount of interac- 
tion suffered by the member galaxies, which is expected to be 
proportional to the number of crossings the galaxies suffered 
since the group formation. By relating the amount of light 
in the IGL with the expected amount of stripped matter in 
each crossing we can estimate how many times the galaxy 
crossed the group. The missing link here is the amount of 
matter stripped on average in each crossing, which is sen- 
sitive to the distribution of the dark matter and requires 
numerical simulations with very realistic initial conditions 
to be determined. 

The colours of the IGL are compatible with the colours 
of the galaxy component. In general this would indicate 
that the striping is due to ongoing interactions, while redder 
colours for the IGL would indicate an older stripping, since 
the stripped stars would evolve passively and the galaxy 
would keep forming stars and maintaining a bluer colour. 
In the case of compact groups, specially the ones studied 
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here, this relation can be misleading, since in these early- 
type dominated groups, the galaxies do not typically have 
star formation. 

In the cases of HCG 35 and 51, the IGL is bluer than 
the mean colour of the galaxy component, but still in agree- 
ment with each other. The colours could indicate that some 
star formation regions were or are being stripped from the 
galaxies, or that some star formation could be occurring 
"in situ" . As the groups have mostly early-type galaxies, no 
star formation seems to be occurring there, even though in- 
teractions are effectively happening, as can be noticed by 
the presence of a red jet-like and probably also a very faint 
shell-like structure in HCG 51. As in t he case of HCG 79 
IIDa Rocha fc Mendes de Oliveirallioolh . where the colour 
difference was much larger than here, the cause for this dif- 
ference can also be the destruction of dwarf galaxies. 

In the case of HCG 15, the IGL component is redder 
than the mean colour of the galaxies' component, but also 
still in agreement, and the fraction of early- type galaxies 
is lower. This could be the case of stripped stars evolving 
passively, while the galaxies keep forming stars. In this group 
also no signs of strong star formation can be seen. 

Ongoing interactions that do not form new stars, lead 
us to the conclusion that the evolution of compact groups 
would be closely related to the scenario of "d ry mergers" . 
In the dry mergers scenario |van D okkum 20051) most of the 
luminous field elliptical galaxies are assembled not via high 
redshift gas rich disks, galaxy mergers or monolithic col- 
lapse, but via merger of gas poor, bulge dominated objects. 

The shapes of the detected IGL components are very 
irregular (see figures [1] to [3)l and cannot be described with 
elliptical isophotes leading to large residuals. Also, the fitted 
surface brightness profiles, lead to unphysical parameters for 
the fit profiles (exponential, de Vaucouleurs, King-like core 
model and Hubble-Reynolds) , show that this component is 
irregular in its whole extent. 

The group's gravitational potential is dominated by the 
group's dark matter halo and we assume that the light traces 
the mass. If the IGL is due to stripped stars that are dis- 
tributed following the group's dark matter dominated poten- 
tial, the irregular shape of the IGL lets us conclude that the 
groups are definitely not virialized structures. They would 
be in a compact configurations for long enough to have part 
of the stars stripped from the galaxies and dispersed in the 
group potential, but not enough to get in equilibrium. 

The non-equilibrium situation, together with the small 
number of galaxies, makes the estimate of group dynamical 
parameters, such as mass and crossing time, very uncertain 
and sensitive to small variations of the input data, as men- 
tioned in section 14.21 

An important parameter is the total mass of the group, 
which can only be determined dynamically, using the mem- 
ber galaxies, due to the inexistence of other determinations, 
such as through X-ray observations. In the case of compact 
groups of galaxies, the dynamical mass estimators can only 
be used as an indicator, since the structure, as we showed 
before, is not virialized. Also, they are only sensitive to the 
mass inside the area occupied by the galaxies (the "galaxies 
circle"), which in the case of a compact group, can leave a 
con siderable part of the mass u naccoun ted fo r. 

iMcConnachie. Ellison, fc Pattonl (|2008l ) studied the 
properties of compact groups of galaxies identified in a mock 



galaxy catalogue ba sed on the Millennium Run simulation 
l|Springel et al j20"05h . These authors found that the member 
galaxies are in the inner part of the common dark matter 
halo of the group and that there is no correlation between 
the halo virial radius and how the galaxies are concentrated 
towards the center of the group. 

We could approach this question in two extreme ways. 
One is assuming that the dark matter halo dominates the 
mass in the whole extent of the group and that the galax- 
ies do not contribute significantly to it. In this case the dark 
matter mass could be directly related to the IGL luminosity, 
so that the fraction of mass unaccounted would be propor- 
tional to the fraction of IGL outside the "galaxies circle". 
The missing fraction, in this case, would be about 60 to 70% 
of the total mass. The second approach is to assume that the 
galaxies dominate the mass in the inner part of the group 
and that we have a constant M/L in the whole structure. In 
this case the missing fraction would not be larger than 10% 
of the total mass. 

We are not able to pin down a number for the unac- 
counted mass, as we are not able to pin down a number 
for the total mass itself using dynamical estimators. The 
non-equilibrium state of the compact groups, together with 
the fraction of the total mass that can be measured by dy- 
namical mass indicators, prevent us from a reliable mass 
determination. Other mass estimators, as X-rays, assume 
that the structure is in equilibrium, what can lead to the 
same kind of uncertainties. For lensing estimates the small 
distance of the groups and their low masses turn the de- 
tection of the shear signal, if poss ible, very complic ated. A 
recent work on the Coma cluster (|Kubo et al.ll2007l ). which 
is about the same distance as most of the HCGs, determined 
its mass using weak lensing detected with deep, large field 
of view, images from the SDSS. Even though the distances 
are similar, the difference in total mass between Coma and 
the HCGs, would stil l be a problem for detecting the shea r 
signal. According to iMendes de Oliveira fc Giraudl i] 19941) , 
the HCGs would need a distance 10 times larger to produce 
a detectable lensing signal. 

In a qualitative way (our sample is too small for a more 
quantitative result), we could show that the fraction of IGL 
agrees with other dynamical evolution indicators such as the 
fraction of early- type galaxies and the crossing time. The 
crossing time, as the mass, is sensitive to small variations on 
the input parameters, as we showed for the case of the previ- 
ously studied group HCG 88. We can also see that the mag- 
nitude difference between the first and the second-ranked 
galaxies does not clearly corre late with any of the other in- 
dicators. Hicks on et al. ( 1992) shows that the crossing time 
correlates with the fraction of spirals (complementary to the 
fraction of early-type galaxies) and Ami2 (figures 5 and 6 
in their paper) , but for objects in bins of crossing time. The 
correlation using individual objects was not shown. So the 
correlation of Am^, on average, could eventually be seen 
when we have a considerably larger sample. 

The new discordant velocity of HCG 15C, which has a 
much larger radial velocity (by 2720 km s _1 ) than the me- 
dian velocity of the group, is a point to be considered with 
care. Galaxies in HCGs are bright enough for a good reces- 
sion velocity determ ination and both sources, the UZC and 
iHickson et ail <| 19921 ). have reliable redshift determinations. 

Altering the original group configuration, as excluding 
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HCG 15C (due to its new published recession velocity) or 
including HCG 51C (extending the definition of "discordant 
velocity") puts a challenge on denning which is the "cor- 
rect" configuration for each of the groups. In figure[5]we can 
see the location of each of the two configurations for both 
systems. For HCG 15, the relation between FE ga i and t cross 
leaves all the points too close to the line for any consider- 
ation, as so does the relation between t cross and Figl, but 
in the relation between FE ga i and Figl, the quintet con- 
figuration shows a better agreement with the main trend of 
the dynamical evolution indicators. In the case of HCG 51, 
the relation between Fsgai and t crosa and between t cro3S and 
Figl would favor the sextet configuration, while the relation 
between FE ga i and Figl, would favor the quintet one. 

Of course this kind of "selection" is very speculative, 
since both configurations mostly agree between the errors. 
In a possible more quantitative analysis, we can be able to 
extrapolated this kind of relation as a test to verify if a 
galaxy that has an accordant redshift, but do not seem to 
be involved in the interactions occurring in the group, is a 
member of the group in a dynamical sense. 

We can update our evolutionary se quence envisioned 
in lDa Rocha fc Mendes de Oliveiral (|2005T ). where we placed 
HCG 79 in the advanced stage of dynamical evolution, HCG 
95 in the intermediary stage and HCG 88 in the initial stage. 
The three groups presented here would be placed in the in- 
termediary stage. All the objects have fraction of IGL be- 
tween 10 and 30% (with the exception of HCG 51, when the 
quintet configuration is considered it has 31% of IGL frac- 
tion), the crossing times are in the "middle region" (not as 
long as HCG 88 and not as short as HCG 79) and the frac- 
tion of early-type galaxies is around 0.5 (except for HCG 35 
that has 0.83, clearly disagreeing with the other indicators 
for this same group). 

The fraction of early-type galaxies of HCG 35 is in clear 
disagreement with the other indicators of dynamical evolu- 
tion. This group also shows an overabundance of Hi, when 
compared to the expected Hi content of the group (esti- 
mated by the morphological type and luminosity of its mem- 
ber galaxies). Its Hi content is about 29% higher than the 
expected , while HCG 15 and 51, in the configurations pub- 
lished in lHickson et al.l |l992), are Hi deficient (about 70% 
of the expected Hi is missing). However, the Hi content of 
this group is dominated by the one Sb member galaxy (all 
the other 5 members are early-type galaxies, where almost 
no Hi is expected) and the Hi content of an Sb galaxy can 
vary by a factor of 3, hig her or lower than the typical value 
l|Roberts fc Havnesl ll994l . This shows that this group needs 
some extra attention and studies. 

The detection and analysis of IGL component in com- 
pact groups is feasible and efficient, the results can be used 
as a dynamical evolution indicator and can provide initial 
conditions to numerical simulations in the search for a bet- 
ter understanding of group formation and evolution and also 
to the formation and evolution of clusters of galaxies. 

Based on observations collected at the Centro As- 
tronomico Hispano Aleman (CAHA) at Calar Alto, operated 
jointly by the Max-Planck Institut fur Astronomie and the 
Instituto de Astrofisica de Andalucfa (CSIC). We would like 
to thank Carlos Rabaca and Daniel Epitacio Pereira for the 
software development and support and Hugo Capelato for 
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Pesquisa do Estado de Sao Paulo, FAPESP (Project num- 
ber 02/06881-4). CMdO would like to acknowledge sup- 
port from the Brazilian agencies FAPESP (projeto tematico 
01/07342-7), CNPq and CAPES. We would like to thank 
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